Perspectives
Initial rapid and proactive response for the COVID-19 outbreak d Taiwan's experience Hao On December 31, 2019, Taiwan Centers for Disease Control (Taiwan CDC) detected the news about an outbreak of atypical pneumonia with unknown etiology in Wuhan, Hubei Province, China, from social media. It was soon confirmed by the Chinese government on the same day. One week later, the Chinese government announced the pathogen was a novel coronavirus, formally named severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) afterwards. 1 By February 29, 2020, the number of confirmed coronavirus disease 2019 (COVID-19) cases in China reached almost 80,000, with about 2800 deaths. The outbreak affected more than 60 countries around the world with over 6,000 cases and 106 deaths, only two months after the virus was discovered. 2 The first case of COVID-19 in Taiwan was detected on January 21. 3 By February 29, there were 2,192 suspected cases reported, and 39 COVID-19 cases were laboratory-confirmed, including 21 (54%) locally-acquired cases. Only 11 cases (28%) have Wuhan-related travel history.
At the early stage of the outbreak, the strategy in Taiwan had three pillars: real-time surveillance with rapid risk assessment, border control and quarantine, and laboratory capacity building. Before the outbreak, Taiwan CDC has established comprehensive surveillance systems that included laboratory and social media surveillance. 4 Once the outbreak was detected by social media surveillance, our surveillance team continued collecting outbreak news from social media, government reports, and official press releases to monitor the progress in China on a daily basis and periodically updating rapid risk assessment to provincial level for decision making. Considering the huge flow of cross-strait travelers (up to one hundred thousand travelers per day), risk assessments need to be tailored to the subnation level, so policymakers could modify travel restriction and quarantine measures with limited impacts. In this way, Taiwan step by step expanded travel restrictions over a month for Wuhan at first, later extended to Hubei, Guangdong, Zhejiang, and finally, China, including Hong Kong and Macau (Fig. 1 ). 5 The travel alerts were aligned with public health response as well. Taiwan CDC initiated onboard inspection for direct flights from Wuhan on December 31, 2019. Any passengers presenting with fever or respiratory symptoms at the entry fever screening sites of international ports would be referred to designated hospitals for evaluation. According to the different risk of COVID-19 importation from individual countries, passengers were required to conduct home quarantine or self-health monitoring for 14 days. These measures were adjusted rapidly based on intelligence gathered. For example, travelers returned from South Korea and Italy were home-quarantined starting February 24 and 27, respectively, because of worsening local outbreaks.
To strengthen response preparedness and ensure coordination of different government agencies, we listed COVID-19 as a notifiable disease, named "Severe pneumonia with Novel Pathogen", on January 15 and activated the Central Epidemic Command Center (CECC) on January 20. 5 CECC then announced several policies in response to the worsening outbreak in China, including border control and home quarantine requirement for travelers from affected countries and areas; export ban of surgical masks and N95 respirators to secure the domestic use; strengthening the preparedness of Communicable Disease Control Medical Network for patient isolation and clinical management; and risk communication with the public through daily press and social media such as Line app and Facebook.
From lessons learned in responding to other emerging diseases such as SARS and avian influenza, we believe that laboratory capacity for rapid diagnosis is pivotal to outbreak response. 6 After China released the whole genome sequence of SARS-CoV-2 on January 10, Taiwan CDC's national reference laboratory immediately set up the real-time reverse transcription-polymerase chain reaction (RT-PCR) test for the virus. 7, 8 The laboratory protocol and reagents, including primers, probes, and positive control, were then distributed to designated laboratories. To expand laboratory capacity, Taiwan CDC started a capacity building program via the national laboratory diagnostic network after CECC was activated. By February 21, Taiwan had 27 laboratories that could perform up to 2250 molecular diagnostic tests for SARS-CoV-2 a day.
The first death, also the first patient without exact infection source in Taiwan at the beginning, was confirmed on February 16. At the meantime, the majority of COVID-19 cases in surrounding countries also changed from importation to local transmission. Therefore, Taiwan CDC modified the original case definition of suspected COVID-19 to include patients with undiagnosed pneumonia, regardless of travel history. The diagnostic capacity was also scaled up to 3000 tests/day by recruiting more laboratories and streamlining the testing algorithm. Because of this enhanced community surveillance, we detected four local clusters of COVID-19 cases in the following two weeks (Fig. 1) .
When the number of the local clusters increased, widespread community transmission might be just around the corner. CECC already charted the next steps in COVID- Figure 1 The number of confirmed COVID-19 cases in Taiwan by reporting date, January 15eFebruary 29 and the implementation of disease control measures.
